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(54) Process for manufacturing layers of diamond doped with boron 



(57) The present invention concerns a process for 
manufacturing conductive diamond layers, in particular 
layers of diamond doped with boron which are obtained 
by chemical vapour deposition (CVD). 

The process of the invention consists of forming a 



layer of diamond doped with boron using amino-borane 
compounds. 

These boron compounds are of particular interest 
since they are non-toxic and easy to manipulate. 
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0 scription 

The present invention concerns a process (or man- 
ufacturing conductive diamond layers in particular lay- 
ers of diamond doped with boron which are obtained 
through chemical vapour deposition (CVD) 

For many years, the synthesis of diamond from a 
carbon source such as graphite subjected to a pressure 
greater than 50 kbar and a temperature above 1200 3 C 
in the presence of a metallic catalyst such as nickel, co- 
balt or iron has been known However the diamond pro- 
duced by this technique still contains traces of metallic 
catalyst 

It is also possible to synthesize diamond by the 
technique of chemical vapour deposition (CVD). This 
technique consists of applying, to a gaseous mixture 
consisting of hydrogen and a source of carbon such as 
a hydrocarbon, sufficient energy to decompose the hy- 
drogen into atomic hydrogen, the carbon source into ac- 
tive carbon ions, into carbon atoms or into _CH free rad- 
icals, and depositing these different species on a sup- 
port, where the diamond is formed. 

The decomposition of the gas can be effected by 
different techniques 

For example, the so-called "plasma enhanced 
CVD" technique (PECVD) according to which a reactor 
is used formed principally by a chamber able to be 
closed hermetically and inside which a low pressure can 
be applied by means of pumps. The component or com- 
ponents that are to be coated are put on a metal support 
(the support-carrier cathode) connected to a current 
generator, if necessary through a sealed insulator. The 
carbon-containing gas containing notably one or more 
hydrocarbons, most often methane, acetylene, propane 
or butane, to which hydrogen and/or inert gases, notably 
argon, are optionally added, can be introduced into the 
reactor through metering valves while the pumps are in 
operation. Under required pressure and electrical power 
conditions, the gas is excited physically and chemically 
and ionised so that the atoms partly lose their electrons 
as they are transformed into positive particles, thereby 
forming a plasma which causes a "cracking" of the gas- 
eous mixture which is deposited on the component to 
be coated. The volume of plasma is surrounded by a so- 
called "sheath" zone through which the ions are accel- 
erated (plasma physics). Deposition through this tech- 
nique has been the subject of publications (see. for ex- 
ample. Klaqes. Appl. Phys A56 (1993)513-526). 

Another CVD deposition technique consists of a so- 
called hot filament CVD deposition (HFCVD) (see. for 
example. Klages. Appl. Phys. A56 (1993) 513-526). 
Thus, for the deposition of diamond layers, an item of 
equipment is used that typically comprises a water- 
cooled stainless steel vacuum chamber which is evac- 
uated by means of a two-stage pump. The component 
to be coated is placed on a support carrier in the vicinity 
of which is disposed a filament brought to a temperature 
of approximately 2000 3 C. the function of which is to 



break the gas molecules into elemental molecules 
which will then be able to be deposited The filament 
can for example be made of tungsten tantalum or rhe- 
nium. 

5 According to another technique known as the "elec- 
tron assisted CVD technique" (EACVD). the top part of 
a support is maintained at a temperature of at least 
400 3 C in an atmosphere of a gaseous mixture consist- 
ing of hydrogen and a hydrocarbon under reduced pres- 

*o sure conditions. The top surface of the support is sub- 
jected to a bombardment of electrons which brings 
about the formation of diamond crystal nuclei on the said 
surface. The nuclei formed in this way will grow so as 
to form a thin layer of diamond. 

i5 The field of application of the present invention also 
embraces all the well known types of vacuum deposition 
equipment. This equipment has been the subject of nu- 
merous publications in the patent literature and conse- 
quently does not require any special elaboration. 

20 In the case of the manufacture of conductive dia- 
mond layers, it is necessary to dope the diamond which 
forms these layers in order to render them conductive. 
In particular, the diamond can be doped with boron. 
The formation of boron doped diamond layers from 

2S boron compounds such as BH 3 , B 2 H 6 or B 2 0 3 is known. 
For example, in European patent application EP 518 
538. boron doped diamond layers are obtained with a 
quantity of boron of between 1000 and 4500 ppm from 
an Hg/Ch^ mixture containing B 2 H 6 . 

30 in US patent 4 740 263. boron doped diamond lay- 
ers are obtained by electron assisted CVD The process 
consists of forming and growing diamond crystal nuclei 
on a flat support, under a bombardment of electrons and 
in a gaseous mixture of hydrogen, hydrocarbons and 

35 traces of diborane in a reaction chamber kept at reduced 
pressure. 

The problem with such an approach lies principally 
in the fact that the BH 3 dimerizes rapidly into B 2 H 6 . 
which polymerises in the form of stable polyborane The 

-to formation of these polyboranes may compete directly 
with the doping of the diamond. Furthermore, borane 
and diborane are particularly toxic substances which 
entails costly safety equipment for their handling 

When the layers of doped diamond are prepared by 
hot filament CVD deposition, the use of boron oxide 
leads to a rapid oxidation of the filament Furthermore 
the presence of oxide in the reaction chamber leads to 
the formation of insulating oxide on the support 

European patent application EP-A-509 575 de- 

so scribes a process for obtaining hard layers of pseudo- 
diamond which have an amorphous structure mid-way 
between graphite and diamond. According to the tech- 
nique described in this document, the layers are ob- 
tained from a gaseous mixture containing amongst oth- 

55 er things, very high quantities of boron compounds (be- 
tween 1 and 50%). In this application the possibility of 
using nitrogen impregnated with borane in the gaseous 
mixture is envisaged. This impregnated nitrogen is ob- 
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tamed by bubbling the nitrogen through a reservoir of 
tnethylammo-borane In this technique, the amino-bo- 
rane ts only an intermediate which does not play a direct 
part in the chemical deposition process Weakly con- 
ductive layers of pseudo-diamond are obtained in this 
. way 

Thus one of the objects of the present invention is 
to produce layers of diamond doped with boron by 
means of chemical vapour deposition techniques (re- 
ferred to hereinafter as CVD) from a boron precursor 
which does not exhibit the drawbacks discussed above 
in relation to the conventional techniques. In particular 
it is of advantage to provide a process for manufacturing 
conductive diamond layers from a non-toxic, easy to 
handle boron precursor. 

In the following description, reference will be made 
to Figure 1 . which depicts diagrammatically hot-filament 
CVD equipment (HFCVD) which can be used according 
to the present invention and which comprises a reaction 
chamber (1) equipped with several means for the intro- 
duction of reagents. Inside the reaction chamber (1) 
there are a support carrier (4). a support (3) and a fila- 
ment (5). 

Figure 2 is a Raman spectrum of the doped dia- 
mond layers obtained through the present process. 

Figure 3 is an electron micrograph of the crystalline 
structure of the doped diamond obtained. 

The object of the present invention is achieved by 
means of a process which consists of forming, on a sup- 
.• port placed in a reaction chamber, a boron doped dia- 
mond layer from a gaseous mixture consisting of a car- 
rier gas. at least one carbon source and at least one 
boron precursor, characterised in that the boron precur- 
sor is an amino-borane. 

According to the invention, the amino-borane type 
boron precusor has the general formula RR'R"N.BH 3 in 
which R. R' and R" can be either hydrogen, or an alkyl 
group, subst:' 'ed or unsubtituted. or an aromatic group 
with 5 or 6 rr_ nbers. substituted or unsubstituted 

These amino-boranes are. for example, selected 
from the following compounds: (CH 3 ) 3 N.BH 3 . (C 2 H 5 ) 3 N. 
BH 3 . (CH 3 ) 2 NH.BH 3: [(CH 3 ) 2 CH] 2 NC 2 H 5 BH 3: 
(CH 3 ) 3 CNH 2 .BH 3 . C 6 H 5 N(C 2 H 5 ) 2 .BH 3 and (C 5 H 4 ) 3 N. 
BH 3 . 

Within the framework of the invention, the steric hin- 
drance created by the substituents of the nitrogen atom 
of the amino-borane strongly inhibits the formation of 
polyborane species. 

In the majority of cases, these amino-boranes are 
in solid or viscous liquid form, which enables them to be 
handled more easily than species in the form of a gas 
such as BH 3 or B 2 H 6 used in the prior art. Furthermore, 
these amino-borane compounds are non-toxic 

The amino-borane of the present invention wheth- 
er in solid, liquid or gaseous form, can be put directly in 
the reaction chamber (1 ). 

According to another embodiment, when amino-bo- 
ranes are used in solid form, the amino-borane can be 



put in an independent device (6) connected to the reac- 
tion chamber (1) In this case the vapour tension of the 
amino-boranes is utilized and the amino-borane va- 
pours can either pass naturally into the reaction cham- 
5 ber or be entrained into the reaction chamber by a gas 
for example the carrier gas 

Depending on the amino-borane used, the forma- 
tion of the amino-borane vapours can be activated either 
by heating the device (6) or by using an agent for acti- 
10 vating the amino-borane This activating agent is a com- 
pound which has the behaviour of a Lewis base for ex- 
ample ammonia and which, after reaction with the ami- 
no-borane allows through reduction of the steric hin- 
drance of the amine the activation of the boron and con- 
i$ sequently the optimization of the doping This reduction 
in the steric hindrance of the amine of the amino-borane 
takes place at the last moment, thereby avoiding the for- 
mation of polyborane species as described above 
When amino-boranes are used which have a low 
20 vapour tension under the reaction conditions, it is pref- 
erable to use such an activation agent. This activating 
agent can be introduced directly into the reaction cham- 
ber. When it takes the form of a gas. the activation agent 
can also be used to entrain the amino-borane vapour 
25 from the device (6) to the reaction chamber ( 1 ). 

According to one embodiment of the invention, the 
activating agent is ammonia, which performs this role 
according to the following equilibrium: 

R 3 N.BH 3 + NH 3 <=> NH 3 .BH 3 + R 3 N 
30 The quantity of this activating agent depends on the 
CVD technique used, in particular the reaction temper- 
ature, and on the amino-borane used. Preferably, the 
quantity of this activating agent in the reaction chamber 
(1 ) is between 0.01 and 1% (vol). 
35 Within the framework of the present invention, the 
carbon source consists of one or more hydrocarbons 
such as methane, propane, butane acetylene, unsatu- 
rated hydrocarbons, alcohols ketones, etc. Methane is 
frequently used 
40 The carrier gas. which can be reactive and/or veh- 
icule. constitutes the majority gas of the mixture. This 
carrier gas is generally hydrogen, which is essential to 
the formation of the diamond. The carrier gas can also 
contain, in addition to hydrogen, an inert gas such as 
45 argon, helium or xenon. In certain cases, it can be ad- 
vantageous to introduce a small quantity of oxygen into 
the reaction chamber. 

The carrier gas and the carbon source can be intro- 
duced into the reaction chamber in a mixture or sepa- 
50 rately. 

According to one embodiment, the gaseous mixture 
inside the reaction chamber consists of 0 5% to 10% 
(vol) of carbon source, preferably methane, and a quan- 
tity of amino-borane less than or equal to 1% (vol) the 
55 remainder of the 100% being represented by the carrier 
gas. preferably hydrogen. 

The support upon which the deposition of a boron 
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doped diamond layer can be effected can be any sup- 
port resistant to at least 600 3 C This support can be a 
metal alloy, ceramic or carbon support or one made 
from a composite material. For example, the support 
may be a support made from silicon, doped or other- 
wise titanium or titanium oxide, molybdenum, tungsten, 
copper, cobalt, chromium, nickel, tantalum, zirconium or 
niobium. 

According to the invention, the process for manu- 
facturing the boron doped diamond layers can be imple- 
mented with any known chemical deposition technique 
such as. for example, the hot filament CVD technique 
(HFCVD). the plasma enhanced CVD technique 
(PECVD) or the electron assisted CVD technique 
(EACVD). 

When they are obtained on a conductive support 
made of doped silicon or titanium, the layers of boron 
doped diamond can be used to produce diamond elec- 
trodes. These diamond electrodes are particularly effi- 
cacious in the electro-oxidation of photographic baths. 

Because of their high chemical stability, the boron 
doped layers of diamond of the invention can also be 
used in electronics or optoelectronics, for example for 
the manufacture of diodes. 

EXAMPLE 

The diamond layers doped with boron of the inven- 
tion were obtained by hot filament CVD. Typically, the 
.device for the implementation of this technique de- 
scribed in Fig 1 comprises a stainless steel vacuum 
chamber 1 . Means (not shown) are provided for cooling 
the chamber 1 . which vacuum chamber is evacuated by 
means of a two-stage pump 2. The support to be coated 
3 is laid on a support carrier 4 in the vicinity of which a 
tungsten or tantalum filament 5 is disposed, which is 
brought to a temperature of approximately 2000°C and 
whose function is to break the gas molecules into ele- 
ments that will then be able to be deposited. The fila- 
ment is fixed between two copper electrodes. The inten- 
sity of the current is kept constant and depends on the 
> length and nature of the filament. Generally, the dis- 

tance between the filament and the support is approxi- 
mately 10 mm. A gaseous mixture containing hydrogen, 
methane and amino-borane. and optionally ammonia, 
is used. The filament and the support are first heated to 
temperatures below the deposition temperature, which 
is approximately SO0 a C in a hydrogen atmosphere (with 
a pressure of approximately 60 mbar). The methane is 
then introduced into the reaction chamber. The amino- 
borane responsible for the doping can be introduced into 
the reaction chamber at the same time, or staggered 
with respect to the H^CH 4 gaseous mixture. 

An optional vaporisation device 6 can be used with 
an amino-borane in solid form. The device 6 can be a 
simple thermostatically-controlled enclosure or a subli- 
mate r. 



Example 1 

The device and the operating method described 
above are used A silicon support is placed in the reac- 
5 tion chamber 

The trimethylammo-borane is placed in the device 
6. which is maintained at room temperature The amino- 
borane vapours pass naturally into the reaction cham- 
ber. 

to Over 6 hours, hydrogen and methane are intro- 
duced into the reaction chamber, which is maintained at 
300°C with a filament temperature of 2000°C in order 
to obtain in the reaction chamber a gaseous mixture 
consisting primarily of hydrogen, with approximately 2% 

'5 of methane and trimethylamino-borane. 

The Raman spectrum (Figure 2) of the diamond lay- 
er obtained shows the crystalline structure of the dia- 
mond. 

The conductivity of such a layer is 19 ohms/cm. 
20 By the same operating method, diamond layers 
doped with boron were obtained on supports made of 
doped silicon or titanium and having conductivities of 
between 19 and 38 ohms/cm. 

25 Example 2 

The same experiment is carried out as in Example 
1 . but entraining the amino-borane vapours from the de- 
vice (6) towards the reaction chamber (1) by the pas- 
30 sage of gaseous NH 3 . 

It is apparent that, in this case, the activating agent 
enables the required quantity of amino-borane to be re- 
duced. 

The Raman spectrum is identical to that obtained 
previously. The electron micrograph (Figure 3) shows 
the crystalline structure of the diamond. 

Claims 

40 

1. Process for manufacturing diamond doped with 
boron by chemical vapour phase deposition, which 
consists of forming on a support (3) placed in a reac- 
tion chamber ( 1 ) a diamond layer doped with boron 
-*s using a gaseous mixture consisting of a carrier gas. 
at least one source of carbon and at least one boron 
precursor, characterised in that the boron precursor 
is an amino-borane 

50 2. Process according to Claim 1 . in which the gaseous 
mixture additionally contains an agent for activating 
the amino-borane behaving in the manner of a 
Lewis base. 

55 3. Process according to Claim 1 or 2. in which the 
amino-borane compound has the general formula 
RR'R-N.BH^ in which R : R* and R" can be either 
hydrogen, or an alkyl group, substituted or other- 
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wise or an aromatic group with 5 or 6 members, 
substituted or otherwise 

4. Process according to Claim 3. in which the amino- 
borane compound is chosen from amongst 
(CH 3 ) 3 N.BH 3 . (C 2 H 5 ) 3 N BH 3 . (CH 3 ) 2 NH.BH 3 . 
((CH 3 ) 2 CH] 2 NC 2 H 5 BH 3 . (CH 3 ) 3 CNH 2 .BH 3 . C 6 H 5 N 
(C 2 H 5 ) 2 .BH 3 and (C 5 H 4 ) 3 N BH-. 

5. Process according to Claim 1. in which the amino- 
borane compound, in solid, liquid or gaseous form, 
is introduced directly into the reaction chamber (1). 

6. Process according to Claim 1. in which the amino- 
borane compound in solid or liquid form is placed in 
a vaporisation device (6) connected to the reaction 
chamber (1) and in which the amino-borane 
vapours pass naturally into the reaction chamber. 

7. Process according to Claim 6. in which the amino- 
borane compound in solid or liquid form is placed in 
a vaporisation device (6) connected to the reaction 
chamber (1) and in which the amino-borane 
vapours are entrained into the reaction chamber (1 ) 
by an entrainment gas. 

8. Process according to Claim 7. in which the gas for 
entraining the amino-borane is the activating agent. 

• 9. Process according to one of Claims 2 to 8. in which 
the activating agent is ammonia. 

10. Process according to any one of the preceding 
claims, in which the gaseous mixture inside the 
reaction chamber (1) consists of 0.5 to 10% vol of 
carbon source, a quantity of amino-borane greater 
than 0 and less than or equal to 1 % vol. and option- 
ally 0 0 1 to 1 % of agent for activating amino-borane. 
the remainder of the 1 00% being represented by the 
carrier gas. preferably hydrogen. 

11. Process according to Claim 10. in which the carbon 
source is methane. 

12. Process according to Claim 10 in which the carrier 
gas is hydrogen. 

1 3. Process according to Claim 1 . in which the support 
is a conductive support resistant to at least 600°C. 

14. Process according to Claim 1. characterised in that 
the deposition is carried out using the plasma 
enhanced CVD technique (PECVD). 

1 5. Process according to Claim 1 . characterised in that 
the deposition is carried out using the hot filament 
CVD technique (HFCVD). 



16. Process according to Claim 1 . characterised in that 
the deposition is carried out using the electron 
assisted CVD technique (EACVD) 

5 17. Process according to Claim 1 . characterised in that 
the deposition is effected by reactive cathode evap- 
oration vacuum deposition. 

18. Boron doped diamond film which can be obtained 
io according to any one of Claims 1 to 17. 
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